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DRAWN TAPES, FIBRE AND FILAMENTS 
COMPRISING A MULTIMODAL 

POLYETHYLENE RESIN 

This application is the US National Phase of International 
Application PCT/EP2005/012223, ?led 11 Nov. 2005, Which 
designated the US PCT/EP2005/012223 claims priority to 
British Application No. 04254447 ?led 18 Nov. 2004. The 
entire content of these applications are incorporated herein by 
reference. 

The present invention concerns tapes, ?bres and ?laments 
made from a multimodal ethylene polymer composition, and 
also concerns a process of manufacture of such a composi 
tion. 

Tapes, ?bres and ?laments made from polyethylene are 
currently manufactured from monomodal compositions such 
as described in US Pat. No. 4,880,691 for example. No 
bimodal or multimodal draWn tape/?bre products currently 
exist. This is because the different blocks in a multimodal 
product may not be intimately mixed and can have different 
drawing characteristics, leading to inconsistencies during the 
draWing process. The presence of gels, another indication of 
poor homogeneity in the resin, can also cause breakage dur 
ing draWing. However We have found that tapes, ?bres or 
?laments made from multimodal ethylene polymers can have 
excellent properties, include tenacity values Which can 
exceed those of similar monomodal products, Whilst main 
taining a similar level of residual elongation. 

Accordingly, in a ?rst aspect the invention provides a 
draWn tape, ?bre or ?lament comprising a multimodal poly 
ethylene resin having a density of at least 940 kg/m3, a melt 
index MI5 of 0.05 to 5 g/ 10 min, and a molecular Weight 
distribution of less than 40. 

By “multimodal” is meant a resin made in at least tWo 
reactors in series and having at least tWo components of 
different molecular Weights and/ or compositions (ie comono 
mer content). 

It is preferred that the tape, ?bre or ?lament has a relation 
ship betWeen dynamic viscosity 110m, measured in Pas at 
0.01 rad/s and 190° C., and dynamic viscosity 1] 100, measured 
in Pas at 100 rad/s and 190° C., expressed by the equation 
nloo<x. 11001055, Where x:8.7, preferably 8.5, more prefer 
ably 7.4, even more preferably 7.1, and most preferably 6.8. 

Preferably the tape, ?bre or ?lament has a melt storage 
modulus G', measured at 190° C. and a dynamic frequency 
Where the loss modulus G":3000 Pa, of greater than 710 Pa, 
preferably greater than 760 Pa, and a relationship betWeen 
said melt storage modulus and the melt storage modulus at a 
dynamic frequency Where the loss modulus G":500 Pa, 
expressed by the equation G'(G":3000)>300+5.5*G' 
(G":500), and preferably the equation G'(G":3000)>375+ 
5.5*G'(G":500). 

Preferably the tape, ?bre or ?lament comprises: 
from 30 to 70% by Weight based on the total Weight of the 

composition of an ethylene polymer fraction (A) having 
a melt index MI2 of at least 1 g/ 10 min and a density of 
at least 950 kg/m3, said ethylene polymer optionally 
containing up to 3 Wt % of at least one alpha-ole?n 
containing from 4 to 10 carbon atoms; and 

from 30 to 70% by Weight With based on the total Weight of 
the composition of an ethylene polymer fraction (B) 
comprising ethylene and optionally up to 10 Wt % of at 
least one alpha-ole?n containing from 4 to 10 carbon 
atoms, and having a melt index MI5 of 0.001 to 1 g/ 10 
min. It is preferred that the ethylene polymer fraction (B) 
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2 
contains ethylene and an alpha-ole?n containing from 4 
to 10 carbon atoms, and has a density of no more than 
950 kg/m3 . 

For the purposes of the present invention, “ethylene poly 
mer (A)” means an ethylene polymer comprising monomer 
units derived from ethylene and optionally monomer units 
derived from other ole?ns. In the case Where ethylene poly 
mer (B) is a copolymer, the term “copolymer of ethylene and 
of at least one alpha-ole?n” means a copolymer comprising 
monomer units derived from ethylene and monomer units 
derived from at least one alpha-ole?n selected from among 
the ole?nically unsaturated monomers comprising from 4 to 
10 carbon atoms such as for example 1-butene, 1-hexene, 
1-pentene, 3-methyl-1-butene, 3- and 4-methyl-1-pentenes 
and 1-octene. Preferred alpha-ole?ns are 1-butene, 1-hexene, 
1-octene and mixtures of them. Particularly preferred are 
1-butene and 1-hexene. 

For the purposes of the present invention, alpha-ole?n con 
tent is measured by RMNBC according to the method 
described in J. C. RANDALL, JMS-REV. MACROMOL. 
CHEM. PHYS, C29(2&3), p. 201-317 (1989). For example 
the content of units derived from hexene is calculated from 
measurements of the integrals of the characteristic spectral 
lines of hexene (23.4; 34.9 and 38.1 ppm) With respect to the 
integral of the characteristic spectral line of the units derived 
from ethylene (30 ppm). 

In the case Where ethylene polymer (B) is a copolymer, the 
content of monomer units derived from one or more alpha 

ole?ns, hereinafter called alpha-ole?n content, is generally at 
least 0.5 Wt %, in particular at least 1 Wt %. The alpha-ole?n 
content of polymer (B) is usually at most 6 Wt %, preferably 
at most 5 Wt %. Particularly preferred is an alpha-ole?n con 
tent betWeen 1 and 3 Wt %. 

Ethylene polymer (A) may also optionally contain mono 
mer units derived from another ole?n. The content of mono 
mer units derived from one or more alpha-ole?ns in polymer 
(A), hereinafter called alpha-ole?n content, may be up to 3 Wt 
%, more typically up to 1 Wt %. 

For the purposes of the present invention, melt index MI2 
and MI 5 respectively mean the melt indices measured accord 
ing to ASTM standard D 1238 (1 986) at a temperature of 1 90° 
C. under a load of 2.16 kg and 5 kg respectively. Also, melt 
index HLMI means the melt index measured according to 
ASTM standard D 1238 (1986) at a temperature of 190° C. 
under a load of 21 .6 kg. 

Polymer (A) preferably has an MI2 of at least 80, more 
preferably at least 150 g/ 10 min. 
The melt index MI5 of polymer (B) is preferably betWeen 

0.005 g/10 min and 1 g/10 min, more preferably no more than 
0.5 g/ 10 min. 
The composition according to the invention typically has a 

melt index MI5 of at least 0.1 g/ 10 min, preferably at least 0.2 
g/10 min. The MI5 of the composition does not usually exceed 
4 g/ 10 min. 

Preferably the molecular Weight distribution, MM/Mn, of 
the composition is at least 5, preferably at least 8, more 
preferably from 5 to 25 and most preferably betWeen 10 and 
20. Mm/Mn means the ratio betWeen the mean molecular mass 
by Weight MW and the mean molecular mass by number Mn of 
the polymer as they are measured by steric exclusion chro 
matography (SEC) according to the standards ISO 16014-1 
and ISO 16014-4. The SEC is conducted in 1,2,4-trichlo 
robenZene at 1350 C. and 1 ml/min on a WATERS® 150C 
chromatograph equipped With a detector by refractometry. 
The injections are effected on a set of four WATERS® HT-6E 
columns in the folloWing conditions: injection of 400 pl of a 
0.5 g/l solution of polymer and of BHT, linear calibration 
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curve based on Mark-HouWink’s coef?cients for polysty 
renes of K:1.21><10_4 and a:0.707 and for polyethylenes 
K:3.92><10_4 and a:0.725. 

The compositions according to the invention preferably 
have a standard density measured according to ISO Standard 
1183-1 (on a sample prepared according to ISO Standard 
293) of at least 942 kg/m3, more particularly at least 944 
kg/m3. Preferably the density does not exceed 960 kg/m3. 
Particularly preferred are compositions Whose density is 
beloW 952 kg/m2. The density of the polymer (A) present in 
the compositions according to the invention is preferably at 
least 955 kg/m3, more preferably at least 960 kg/m3. The 
density of polymer (B) is preferably at least 910 kg/m3 . The 
density of polymer (B) preferably does not exceed 950 kg/m3. 

The quantity of polymer (A) in the ethylene polymers 
composition according to the invention is preferably at least 
35%, more particularly at least 38% by Weight With respect to 
the total Weight of the composition. The quantity of polymer 
(A) does not exceed preferably 65% by Weight. 
The quantity of polymer (B) is preferably at least 40%. The 

quantity of polymer (B) does not exceed preferably 65% by 
Weight, more preferably no higher 62 Wt %. 

The composition according to the invention comprises 
generally at least 95%, preferably at least 99% by Weight of 
the combination of polymer (A) and of copolymer (B). Most 
preferred is a composition consisting essentially only of poly 
mer (A) and of polymer (B). 

The composition preferably consists of an intimate and 
homogeneous mixture of polymer (A) and of polymer (B), 
polymer (B) being prepared in the presence of polymer (A) or 
vice versa. Thus the composition comprises particles com 
prising both polymer (A) and polymer (B). 

The compositions according to the invention are preferably 
obtained by means of a manufacturing process, in at least tWo 
polymerisation reactors connected in series, according to 
Which process: 

in a ?rst reactor, ethylene is polymerised in suspension in a 
medium comprising a diluent, hydrogen, optionally at 
least one alpha-ole?n containing from 4 to 10 carbon 
atoms, a catalyst based on a transition metal and a 
cocatalyst, so as to form from 30-70% by Weight With 
respect to the total Weight of the composition of ethylene 
polymer (A), 

said medium comprising polymer (A) in addition is draWn 
off from said reactor and is subjected to expansion so as 
to degas at least part of the hydrogen and any alpha 
ole?n present, after Which 

said at least partially degassed medium comprising poly 
mer (A) and some ethylene and optionally at least 
another alpha-ole?n containing from 4 to 10 carbon 
atoms are introduced into a further reactor in Which 
polymerisation in suspension is effected in order to form 
from 30-70% by Weight With respect to the total Weight 
of the composition of ethylene polymer (B). 

Polymerisation in suspension means polymerisation in a 
diluent Which is in the liquid state in the polymerisation 
conditions (temperature, pressure) used, these polymerisa 
tion conditions or the diluent being such that at least 50% by 
Weight (preferably at least 70%) of the polymer formed is 
insoluble in said diluent. 

The diluent used in this polymerisation process is usually a 
hydrocarbon diluent, inert to the catalyst, to the cocatalyst 
and to the polymer formed, such for example as a linear or 
branched alkane or a cycloalkane, having from 3 to 8 carbon 
atoms, such as hexane or isobutane. 

The quantity of hydro gen introduced into the ?rst reactor is 
in general set so as to obtain, in the diluent, a molar ratio 
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4 
betWeen hydrogen and ethylene of 0.05 to 1. In the ?rst 
reactor, this molar ratio is preferably at least 0.1. Particularly 
preferred is a hydrogen/ethylene molar ratio that does not 
exceed 0.6. 
The medium draWn off from the ?rst reactor comprising in 

addition the polymer (A) is subjected to expansion so as to 
eliminate (degas) at least part of the hydrogen. The expansion 
is advantageously effected at a temperature beloW or equal to 
the polymerisation temperature in the ?rst reactor. The tem 
perature at Which the expansion is effected is usually greater 
than 200 C., it is preferably at least 400 C. The pressure at 
Which the expansion is effected is beloW the pressure in the 
?rst reactor. The expansion pressure is preferably beloW 1.5 
MPa. The expansion pressure is usually at least 0.1 MPa. The 
quantity of hydrogen still present in the at least partially 
degassed medium is generally beloW 1% by Weight of the 
quantity of hydrogen initially present in the medium draWn 
off from the ?rst polymerisation reactor, this quantity is pref 
erably beloW 0.5%. The quantity of hydrogen present in the 
partially degassed medium introduced into the further poly 
merisation reactor is therefore loW or even nil. The further 
reactor is preferably also supplied With hydrogen. The quan 
tity of hydrogen introduced into the further reactor is in gen 
eral set so as to obtain, in the diluent, a molar ratio betWeen 
hydrogen and ethylene of 0.001 to 0.1. In this further reactor, 
this molar ratio is preferably at least 0.004. It does not exceed 
preferably 0.05. In the process according to the invention, the 
ratio betWeen the hydrogen concentration in the diluent in the 
?rst reactor and that in the further polymerisation reactor is 
usually at least 20, preferably at least 30. Particularly pre 
ferred is a ratio of concentrations of at least 40. This ratio does 
not usually exceed 300, preferably not 200. 
The quantity of alpha-ole?n introduced into the further 

polymerisation reactor, if it is required, is such that in that 
reactor the alpha-ole?n/ethylene molar ratio in the diluent is 
at least 0.05, preferably at least 0.1. The quantity of alpha 
ole?n introduced into the further reactor is such that the 
alpha-ole?n/ethylene molar ratio does not exceed 3, prefer 
ably not 2.8. 
The preferred catalyst used to make the compositions of the 

invention comprises at least one transition metal. Transition 
metal is understood to denote a metal from Groups 4, 5 or 6 of 
the Periodic Table of the Elements (CRC Handbook of Chem 
istry and Physics, 75th edition, 1994-95). The transition metal 
is preferably titanium and/or Zirconium. Titanium is particu 
larly preferred. In the process according to the invention, use 
is preferably made of a catalyst comprising, in addition to the 
transition metal, magnesium. Good results have been 
obtained With catalysts comprising: 

from 5 to 30%, preferably from 15 to 20%, by Weight of 
transition metal, 

from 0.5 to 20%, preferably from 1 to 10%, by Weight of 
magnesium, 
from 20 to 60%, preferably from 30 to 50%, by Weight of 
halogen, such as chlorine, 

from 0.1 to 10%, preferably from 0.5 to 5%, by Weight of 
aluminium; the balance generally being composed of ele 
ments originating from the products used in their manufac 
ture, such as carbon, hydrogen and oxygen. 

These catalysts are preferably obtained by coprecipitation 
of at least one transition metal compound and of a magnesium 
compound by means of a halogenated organoaluminium 
compound. Such catalysts are known; they have been dis 
closed particularly in US. Pat. No. 3,901,863, US. Pat. No. 
4,929,200 and US. Pat. No. 4,617,360 (Solvay). In the pro 
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cess according to the invention, the catalyst is preferably 
introduced solely into the ?rst polymerization reactor, that is 
to say that fresh catalyst is not introduced into the subsequent 
polymerization reactor. The amount of catalyst introduced 
into the ?rst reactor is generally adjusted so as to obtain an 
amount of at least 0.5 mg of transition metal per liter of 
diluent. The amount of catalyst usually does not exceed 100 
mg of transition metal per liter of diluent. 

Alternative preferred catalysts contain 5 to 30% by Weight 
of transition metal, 0.5 to 20% by Weight of magnesium, 20 to 
60% by Weight of chlorine and 0.1 to 10% by Weight of 
aluminium, and have a residual organic radical content in the 
precipitated catalyst of less than 35 Wt %. These catalysts are 
also obtained by coprecipitation of at least one transition 
metal compound and a magnesium compound by means of a 
halogenated organoaluminium compound, but With a ratio of 
transition metal to magnesium of no more than about 1:1. 
They are described in more detail in our oWn EP 703247B. 
Preferred such catalysts have the folloWing composition: 

Transition metal from 8 to 16% by Weight 

Magnesium content from 5 to 15% by Weight 

Chlorine content from 40 to 60% by Weight 

Aluminum content less than 5% by Weight 

Residual organic content less than 35% by Weight 

Total alkyl benZoate content less than 20% by Weight. 
The cocatalyst utilised in the process is preferably an orga 

noaluminium composition. Unhalogenated organoalu 
minium compositions of formula AlR3 in Which R represents 
an alkyl grouping having from 1 to 8 carbon atoms are pre 
ferred. Particularly preferred are triethylaluminium and tri 
isobutylaluminium. The cocatalyst is introduced into the ?rst 
polymerisation reactor. Fresh cocatalyst may also be intro 
duced into the further reactor. The quantity of cocatalyst 
introduced into the ?rst reactor is in general at least 0.1><10_3 
mole per liter of diluent. It does not usually exceed 5><10_3 
mole per liter of diluent. Any quantity of fresh cocatalyst 
introduced into the further reactor does not usually exceed 
5><10_3 mole per liter of diluent. 
The polymerisation temperature is generally from 20 to 

130° C. It is preferably at least 60° C. For preference, it does 
not exceed 1 15° C. The total pressure at Which the process is 
effected is in general from 0.1 MPa to 10 MPa. In the ?rst 
polymerisation reactor, the total pressure is preferably at least 
2.5 MPa. For preference, it does not exceed 5 MPa. In the 
further polymerisation reactor, the total pressure is preferably 
at least 1.3 MPa. For preference, it does not exceed 4.3 MPa. 

The period of polymerisation in the ?rst reactor and in the 
further reactor is in general at least 20 minutes, preferably at 
least 30 minutes. The period of polymerisation does not usu 
ally exceed 5 hours, preferably not 3 hours. 

In this process, a suspension comprising a composition 
comprising from 30 to 70% by Weight of polymer (A) and 
from 30 to 70% by Weight of polymer (B) is collected at the 
outlet of the further polymerisation reactor. The ethylene 
polymer composition may be separated from the suspension 
by any knoWn means. Usually, the suspension is subjected to 
a pressure expansion (?nal expansion) so as to eliminate the 
diluent, the ethylene, the alpha-ole?n and any hydrogen from 
the composition. 

The polymer may additionally contain the usual stabiliZers 
and processing aids. 

During the manufacture of tapes, ?laments or ?bres, the 
polymer from Which they are made is typically stretched 
folloWing extrusion. Whichever method of manufacture is 
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6 
used, it is preferred that the polymer has been stretched to at 
least 4 times its original length; typically from 6 to 10 times, 
and most preferably 7 to 8 times. Stretching further improves 
the tensile strength of the ?nal product, but often at the 
expense of residual elongation. 

Usually, the polymer is formed into tapes or mono?laments 
Which are then Woven into nets. In a typical tape process the 
material is ?rst melted and then bloWn into a ?lm. The ?lm 
can be produced using Well-known processes such as ?lm 
bloWing, ?lm casting, coextrusion, cast ?lm extrusion or 
lamination in the form of single-layer ?lms, multilayer ?lms 
or sheets. Multilayer systems can be produced by coextru 
sion, coating, extrusion coating, laminating or printing. The 
?lm is then stretched, and the stretched ?lm cut into tapes 
Which are Woven or knitted into nets. This is knoWn as the 

LenZing process. In an alternative process (the Iso process), 
the bloWn ?lm is cut into tapes prior to stretching. Altema 
tively the material is extruded into mono?laments, Which are 
then stretched prior to Weaving. 

In a typical production process, the polymer is fed into an 
extruder and extruded to form a ?lm. Where a bloWn ?lm is 
required, the polymer exits the extruder via a circular die, and 
the ?lm is bloWn from a noZZle in the centre of the die. For ?at 
?lms, the polymer exits the extruder via a ?at die. Flat ?lms 
are generally thicker than bloWn ?lms. Typically the ?lm is 
then stretched at this stage. Stretching is usually carried out in 
an oven or on a hot plate at a temperature of 100-110° C., at a 
stretch ratio preferably betWeen 7 and 8 for bloWn ?lms, and 
4 to 6 for ?at ?lms. Optionally the stretched ?lm may then be 
annealed. The ?lm is then slit into tapes. 

It is preferred that the tapes of the invention derive from a 
resin Which When draWn to 7 times its original length it has a 
tenacity of at least 30 cN/ Tex and a residual elongation of at 
least 25%. Preferably, the tapes derive from a resin Which 
When draWn to 9 times its original length it has a tenacity of at 
least 45 cN/ Tex and a residual elongation of at least 18%. 
The folloWing examples are intended to illustrate the 

invention. 

EXAMPLES 

A) Catalyst 
Magnesium diethoxide Was reacted With titanium tetrabu 

toxide for 4 hours at 150° C. in an amount such that the molar 
ratio of titanium to magnesium Was equal to 2. The reaction 
product thus obtained Was subsequently chlorinated and pre 
cipitated by bringing the latter into contact With an ethylalu 
minium dichloride solution (EADC) for 90 minutes at 45° C. 
The EADC/ Mg ratio Was 6.5 mole/mole. The obtained slurry 
Was subsequently aged at 60° C. for 45 minutes, and then 
cooled at ambient temperature (<35° C.). The by-products 
from the chlorination reaction Were removed from the slurry 
by Washing the solid With polymerisation grade hexane at 
ambient temperature. The catalyst thus obtained, collected 
from the suspension, comprised (% by Weight): Ti: 17; Cl: 41; 
Al: 2; Mg: 5. 

B) Composition 
The manufacture of a composition comprising ethylene 

polymers Was carried out in suspension in isobutane in tWo 
loop reactors of volume 200 L and 300 L respectively, con 
nected in series and separated by a device Which makes it 
possible continuously to carry out the reduction in pressure. 
Isobutane, ethylene, hydrogen, triethylaluminium and the 
above catalyst Were continuously introduced into the ?rst 
loop reactor and the polymeriZation of ethylene Was carried 
out in this mixture in order to form the polymer (A). The said 
mixture, additionally comprising the polymer (A), Was con 
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tinuously WithdraWn from the said reactor and Was subjected 
to a reduction in pressure (~50o C., 0.6 MPa), so as to remove 
at least a portion of the hydrogen. The resulting mixture, at 
least partially degassed of hydrogen, Was then continuously 
introduced into a second polymerization reactor, at the same 
time as ethylene, hexene, isobutane and hydrogen, and the 
polymeriZation of the ethylene and of the hexene Was carried 
out therein in order to form the ethylene/1-hexene copolymer 
(B). The suspension comprising the composition comprising 

8 
out With a 10W applied frequency of 0.1 rad/ s so as to deter 
mine the sensitivity of the torque at loW frequency. The sec 
ond SS experiment Was carried out With a high applied fre 
quency of 100 rad/ s to ensure that the selected applied strain 
is Well Within the linear viscoelastic region of the polymer so 
that the oscillatory rheological measurements do not induce 
structural changes to the polymer during testing. In addition, 
a time sWeep (TS) experiment Was carried out With a 10W 
applied frequency of 0.1 rad/ s at the selected strain (as deter 

ethylene polymers Was continuously WithdraWn from the sec- 10 mined by the SS experiments) to check the stability of the 
ond reactor and this suspension Was subjected to a ?nal reduc- sample during testing. 
tion in ressure so as to eva orate the isobutane and the . . 

p ’ p Measurement of Melt Elastic Moduli G'(G":3000 Pa) and 
reactants present (ethylene, hexene and hydrogen) and to | " . . . 

- - - - G (G :500 Pa) and Complex Dynamic shear viscosity, no 01, 
recover the composition in the form of a poWder, Which Was 0 - 

. . . . at 190 C. 
subjected to drying in order to complete the degass1ng of the 15 _ _ 
isobutane~ The frequency sWeep (FS) experiment Was then carried out 

at 190° C. using the above appropriately selected strain level 
Dynamic Rheological Analysis betWeen dynamic frequencies range of 0.01 to 100 rad/ s. The 

Rheological measurements were carried out on a dynamic dynamic rheological data thus measured Were then analysed 
rheometer (e,g,, Rheometries RDS-Z, ARES) with 2 5 mm 20 using the rheometer softWare (viZ., Rheometrics RHIOSV4.4 
diameter parallel plates in a dynamic mode For all experi- OI‘ Orchestrator Software) to determine the melt elastic 
ments, the rheometer Was thermally stable at 1900 C. for at 1110(11111 G'(G":3000 Pa) and G'(G":500 Pa) at IWO reference 
least 30 minutes before inserting the appropriately stabilised melt ViSeOuS mOduli (G") Values Of G":3000 Pa and G":500 
(With anti-oxidant additives), compression-moulded sample Pa, respeetlvely- If necessary, the values Were ebtamed by 
of resin onto the parallel plates. The plates Were then closed 25 lnterpelanon betWeen the avallable data polnts uslng the 
With a positive normal force registered on the meter to ensure RheOmetriCS SO?Ware 
good contact. After about 5 minutes at 1900 C., the plates The complex dynamic shear viscosities measured in Pas, 
Were lightly compressed and the surplus polymer at the cir- 11 *(0.01) at a dynamic frequency of 0.01 rad/ s, andn *(100) at 
cumference of the plates trimmed. A further 10 minutes Was a dynamic frequency of 100 rad/ s, Were determined directly 
alloWed for thermal stability and for the normal force to from the 11* data of the frequency sWeep (FS) experiment 
decrease back to Zero. measured at 1900 C. 

TABLE 1 

EXAMPLES 

1 2 3 4 5 6 7# 8* 9** 10 

PolymerA 

Wt % 50 48 50 45 55 40 49 60 
M12 (8/2) g/10 inin 400 420 450 150 140 450 110 2.5 
Density kg/in3 973.3 972.0 973.0 971.0 971.0 964.2 970.0 960.8 
C6 content Wt % i i i i i 0.5 i i 

Polymer B (calculated values) 

Wt % 50 52 50 55 45 60 51 40 
M15 g/10 inin 0.24 0.12 0.13 0.12 0.13 0.25 0.70 0.51 
Density kg/in3 924 920 919 i 932 932 932 954.4 
C4 content Wt % i 3.0 i i 2.2 i 6.8 i 

C6 content Wt % 4.5 i 5.7 i i 2.4 i i 

RESIN 

M15 g/10 inin 2.7 1.3 1.6 0.9 1.9 1.6 5.3 1.9 1.2 2.5 
11* @100 rad/s Pa - s 1213 1643 1335 2039 1360 1645 890 1932 2209 1708 
11* @ 0.01rad/s Pa- s 16628 29565 27383 39141 26615 24624 10450 23610 21369 17300 
G’ (G" = 3000 Pa) Pa 889 817 975 823 1052 837 1079 898 926 768 
G’ (G" = 500 Pa) Pa 73 66 84 73 107 77 110 101 107 78 
Density kg/in3 949.3 945.4 945.0 958.5 955.2 945.8 951.6 944.0 944.5 958.3 
Total C4 Wt % i 1.6 i 1.0 3.4 4 

Total C6 Wt % 2.3 i 2.9 i i 1.7 i 

MW/Mn 17 i 18.0 14.4 14.4 13.9 12.7 i 

#cornparative example, bimodal but With high M15 
*cornparative example, Eltex ® A5006 FN1280 (monornodal) 
**cornparative example, Eltex ® A5006 FN1362 (monornodal) 

TWo strain sWeep (SS) experiments Were initially carried 
out at 1900 C. to determine the linear viscoelastic strain that 

The resins of Examples 1-9 Were then formed into tapes 
using the lso process described above, during Which ?lm 

Would generate a torque signal Which is greater than 10% of 65 from Which the tapes Were cut Was stretched either 7, 8 or 9 
the loWer scale of the transducer, over the full frequency (e.g. 
0.01 to 100 rad/ s) range. The ?rst SS experiment Was carried 

times. The tapes Were subjected to tensile strength tests in 
order to evaluate their suitability for use in applications such 
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as nets. Tensile tests Were performed at 230 C. at a stretching 
rate of 200 mm/minute, With a gauge length of 200 mm, a load 
range of 2500 N and an extension range of 2000 mm. Results 
are shown in Table 2 beloW, Where Examples 1-6 can be 
compared With the comparative examples 7-9. 

TABLE 2 

EXAMPLES 

1 2 3 4 5 6 7* 8* 9** 

Stretched 7x 

Tex (Q1000 m) 81 72 84 71 66 84 57 63 61 
Ave elongation % 38 33 32 30 29 35 39 33 28 
Ave tenacity cN/Tex 33 40 38 44 39 36 28 33 40 
Stretched 8x 

Tex (Q1000 m) 71 63 73 63 59 72 48 54 53 
Ave elongation % 26 25 25 24 25 29 26 25 24 
Ave tenacity cN/Tex 42 51 48 55 50 49 35 43 51 
Stretched 9x 

Tex (Q1000 m) 65 56 62 55 53 64 43 47 52 
Ave elongation % 23 19 22 19 20 25 22 20 20 
Ave tenacity cN/Tex 50 55 58 61 5 8 5 8 43 50 57 

For tapes, as tenacity is increased, elongation to break 
decreases. Tenacity can be increased by increasing the stretch 
ratio: in the above examples, the tapes are stretched 7, 8 and 
9 times. All the bimodal examples (Examples 1 to 6) exhibit 
higher tenacities than the monomodal examples (8 and 9) 
Whilst maintaining at least the same residual elongation. 
Example 7 has loWer tenacity than the monomodal resins due 
to its excessively high melt index M15. In all the examples, 
increasing the stretch ratio from 7 to 8 and then 9 results in an 
increase in tenacity of about 20-30% each time, With the 
tenacity value at 9x stretch being about 50% greater than at 7x 
stretch. 
The invention claimed is: 
1. A draWn tape, ?bre or ?lament comprising a multimodal 

polyethylene resin having: 
a density of at least 940 kg/m3, 
a melt index Ml5 of 0.05 to 5 g/10 min, 
a molecular Weight distribution (MW/Mn) of less than 40, 
a relationship betWeen dynamic viscosity 110m, measured 

in Pas at 0.01 rad/s and 1900 C., and dynamic viscosity 
11100, measured in Pas at 100 rad/s and 1900 C., 
expressed by the equation 11 100<x. 11001055 , Where 
x:7.4, 

a melt storage modulus G', measured at 1900 C. and a 
dynamic frequency Where the loss modulus G":3000 
Pa, of greater than 710 Pa, and 

a relationship betWeen said melt storage modulus and the 
melt storage modulus at a dynamic frequency Where the 
loss modulus G":500 Pa, expressed by the equation 
G'(G":3000)>300+5.5*G'(G":500), 

Wherein the tape, ?bre or ?lament has been draWn to at least 
4 times its original length. 

2. Tape, ?bre or ?lament according to claim 1, comprising 
from 30 to 70% by Weight based on the total Weight of the 

composition of an ethylene polymer fraction (A) having 
a melt index Ml2 of at least 1 Q10 min and a density of 
at least 950 kg/m3, said ethylene polymer optionally 
containing up to 3 Wt % of at least one alpha-ole?n 
containing from 4 to 10 carbon atoms; and 

from 30 to 70% by Weight With based on the total Weight of 
the composition of an ethylene polymer fraction (B) 
comprising ethylene and optionally up to 10 Wt % of at 
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least one alpha-ole?n containing from 4 to 10 carbon 
atoms, and having a melt index Ml5 of 0.001 to 1 Q10 
min. 

3. Tape, ?bre or ?lament according to claim 2, Wherein the 
ethylene polymer fraction (B) contains ethylene and an alpha 
ole?n containing from 4 to 10 carbon atoms, and has a density 
ofno more than 950 kg/m3. 

4. Tape, ?bre or ?lament according to claim 2, Wherein it 
comprises 35-65% by Weight With respect to the total Weight 
of the composition of the ethylene polymer fraction (A). 

5. Tape, ?bre or ?lament according to claim 1, Wherein it 
has a density of from 942-960 kg/m3. 

6. Tape, ?bre or ?lament according to claim 1, Wherein it 
has an M15 of0.1-4 Q10 min. 

7. Tape, ?bre or ?lament according to claim 1, Wherein it 
has a molecular Weight distribution (MW/Mn) of 5-25. 

8. Tape, ?bre or ?lament according to claim 7, Wherein it 
has a molecular Weight distribution (MW/Mn) of 10-20. 

9. Tape, ?bre or ?lament according to claim 1, Wherein the 
alpha-ole?n, if present, is selected from the group consisting 
of 1-butene, 1-pentene and 1-hexene. 

10. Tape, ?bre or ?lament according to claim 1, Wherein it 
derives from a resin Which When draWn to 7 times its original 
length it has a tenacity of at least 30 cN/Tex and a residual 
elongation of at least 25%. 

11. Tape, ?bre or ?lament according to claim 1, Wherein it 
derives from a resin Which When draWn to 9 times its original 
length it has a tenacity of at least 45 cN/Tex and a residual 
elongation of at least 18%. 

12. Process for producing a tape, ?bre or ?lament as 
de?ned in claim 1, Which process comprises: 

in a ?rst reactor, polymerizing ethylene in suspension in a 
medium comprising a diluent, hydrogen, a catalyst 
based on a transition metal and a cocatalyst and option 
ally at least one ot-ole?n containing from 4 to 10 carbon 
atoms so as to form 30 to 70% by Weight With respect to 
the total Weight of the composition of the ethylene poly 
mer (A), 

draWing off said medium, additionally comprising the 
polymer (A), from said reactor and subjecting said 
medium to expansion so as to degas at least part of the 
hydrogen and any alpha-ole?n present, and then 

introducing said at least partially degassed medium com 
prising polymer (A) and some ethylene and optionally at 
least one other ot-ole?n containing from 4 to 10 carbon 
atoms into a further reactor connected in series With said 
?rst reactor and performing polymerisation in suspen 
sion in said further reactor in order to form from 30 to 
70% by Weight With respect to the total Weight of the 
composition of the ethylene polymer (B) to form a resin, 
and 

forming a tape, ?bre or ?lament from said resin. 
13. Process according to claim 12, Wherein the catalyst 

utiliZed comprises from 5 to 30% by Weight of transition 
metal, from 0.5 to 20% by Weight of magnesium, from 20 to 
60% by Weight of a halogen and from 0.1 to 10% by Weight of 
aluminium. 

14. Tape, ?bre or ?lament according to claim 1, having a 
melt storage modulus G' of greater than 760 Pa, and a rela 
tionship betWeen said melt storage modulus and the melt 
storage modulus at a dynamic frequency Where the loss 
modulus G":500 Pa, expressed by the equation G'(G":3000) 
>375+5.5* G'(G":500). 

15. Tape, ?bre or ?lament according to claim 1, Wherein it 
has been draWn to betWeen 6 and 10 times its original length. 

* * * * * 


